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ABSTRACT 

The Alaska Department of Fish and Game held a workshop in Anchorage on September 26-27, 
2000, to review Pacific salrnon Oncorhynchzrs escapement goals for the major river systems in 
Bristol Bay. Spawner-return data for sockeye salmon 0. nerka were analyzed for the Kvichalq 
Naknek, Egegk, Ugashlk, Togialq Wood, Igushk, and Nushagak Rivers. Smolt information was 
reviewed for the Kvichak, Ege& and Ugashik Rivers and limnological and juvenile salmon 
information was analyzed fkom Iliamna, Becharof, and Ugashik Lakes. In addition, spawner-return 
data for Nushagak River chinook salmon 0. tshuwytsccha were reviewed. With few exceptions, the 
available data supported the current biological escapement goals (BEG) in Bristol Bay. 

Workshop participants did recommend modifications to the sockeye salmon BEG for the Wood and 
Igushik Rivers. Previously, the Wood River BEG ranged fkom 0.7-1.2 million spawners with a 
point goal of 1.0 million. Current data indicated that on average, additional yield could be gained 
by increasing the upper goal fi-om 1.2 million to 1.5 million spawners, thereby setting a new BEG 
range of 0.7-1.5 million spawners with a point goal of 1.1 million. The Igushik River had a BEG 
range of 150-250 thousand with a point goal of 200 thousand in 2000. Current data for the Igushk 
River also indicated that on average, additional yield could be gained by increasing the upper goal. 
Additimdy, the estimated -hlSY occurred at an escapement of 260 thousand, greater than the upper 
range of 250 thousand spawners. Therefore, it was decided by the workshop participants to increase 
the current upper goal from 250 to 300 thousand spawners, thereby changing the BEG range to 150- 
300 thousand spawners with a point goal of 225 thousand. 

KEY WORDS: Pacific salmon, Oncorhynchus, sockeye salmon, Oncorhynchus nerkcr, 
chinook salmon, Oncorhynchzu tshawytscha, Bristol Bay, Kvichak River, 
Nalcnek River, Egegik River, Ugashik River, Wood River, Igushik River, 
Nushagak River, Togiak River, spawning escapement goal, Ricker stock- 
recruitment model, smolt. 



INTRODUCTION 

Bristol Bay, Alaska, supports some of the largest sockeye salmon Oncorhynchs nerkn runs in the 
world. Combined sockeye salmon runs to Bristol Bay have averaged 39 million for the last 10 years 
with nine major river systems producing 98% of the returning sockeye salmon (Kvichak, Branch, 
Naknek, Egegk, Ugashk, Togiak, Wood, Igushik, and Nushagak Rivers; Figure 1). Management 
of these sockeye s&.m rms is based or, achievkg esc2pements far each river within a specic 
escapement goal range. Individual biological escapement goals '(BEG) have been used for the 
major river systems since the early 1960's. The Alaska Department of Fish and Game (ADF&G) 
reviews the BEGS for Bristol Bay rivers on a schedule that corresponds to the Alaska Board of 
Fisheries triennial cycle for considering area regulatory proposals. 

This report summarizes results fYom the most recent formal evaluation conducted September 26-27, 
2000, at the ADF&G office in Anchorage. The meeting was attended by 24 people representing the 
following organizations: ADF&G, Commercial Fisheries Division (Region 2, Bristol Bay, 
Limnology, and Genetics staff); ADF&G, Sport Fish Division (Region 2 and Cook Inlet staff); 
United States Fish and '#idlife Service, Office of Subsistence; University of Washington (Fisheries 
Research Institute staff); and University of Alaska Fairbanks (School of Fisheries and Ocean 
Science st&; Appendix A.!). me review teaii exaiiied avdatik data mi: mdyses for sockeye 
salmon in the Kvichak, Naknek, Egegik, U g a s w  Togiak, Igusw Wood, and Nushagak Rivers, 
and chinook salmon in Nushagak River. Based on this review, BEG modifkations were adopted for 
sockeye salmon in the Wood ard Igushk fivers. 

Under the new Sustainable Salmon Fisheries Policy for the State of Alaska (ADF&G 2000), 
some of the existing BEGS defined in Fried (1994) are not evaluated in this review. They will be 
reclassified to sustainable escapement goals (SEG) because estimates of MSY cannot be 
determined from the existing data; these systems include: 

Branch River Sockeye Salmon 
Togiak River Chinook Salmon 
Kulukak a v e r  Coho Salmon 
Nushagak River Coho Salmon 
Togiak River Coho Salmon 
Nushagak River Pink Salmon 



METHODS 

Sockeye Salmon 

Spawner-Return Data 

Sockeye salrnon spawner-return data were analyzed for brood years 1956-1995 for the Kvichak, 
Naknek, Egegk, Ugashk, Togiak, Wood, and Igushik Rivers. Spawner-return data for the 
Nushagak River were only available for brood years 1978-1995. Return information for brood year 
1995 was incomplete because six-year-old sockeye salmon wdl not return until 2001. Since this age 
group generally does not comprise a large percent of the total return to any system, age-2.3 returns 
were estimated based on returns of age-2.2 (siblings) sockeye salmon fkom the 1995 brood year and 
the historic relationship between age-2.3 and age-2.2 sockeye salmon. 

Numbers of spawners within each river, except the Nushag& River, were based on visual counts 
from towers located below lake outlets. Sockeye salmon escapement into the Nushagak River was 
estimated using side-scan sonar. Annual runs were the sum of tower or sonar counts and harvests. 
Methods used to estimate total runs (catch plus escapement) are described in (Bernard 1983). Sport 
and subsistence harvests were minor components of each run and were not inchded in total return 
estimates. 

v?c asm=ed that sockeye salmon harvested in each district originated from rivers within the district. 
Although estimates of interceptions of stocks outside their district of origin, based on differences in 
scale growth, have shown that this is not true, use of interception estimates obtained during 1983- 
1994 did not substantially change spawner-return relationships for these systems. Although 
interception estimates have not been obtained since 1994, information such as age composition 
differences among district catches and escapements suggests that no great differences in 
interception rates have occurred. 

Ricker stock-recruitment models mcker 1975) were fitted to spawner-return data from each system 
to estimate the number of spawners required to produce maximum sustained yield (MSY). Results 
were not used if the model fit to the data was poor or model assumptions were violated. Hilborn 
and Walters (1992) have shown that results fkom stock-recruitment models can be misleading for 
the following reasons: 1) errors in measurement of spawners and returns; 2) lack of contrast in sizes 
of spawning stocks; 3) autocorrelated errors within the model; and 4) changes in spawner-return 
relationships through time and within stock subunits. 

Yield Analysis 

A tabular approach was used to examine stock-recruitment relationships. This approach arranged 
spawning escapements and returns into intervals. The number of times that a spawning escapement 
within an escapement interval produced a recruitment value within a recruitment interval was 



calculated. Average surplus yield (ASY) within each interval, estimated as recruitment minus 
parental spawning escapement, was calculated. 

Smolt Information 

Smolt production was examined in systems for which this information had been collected. Passage 
of sockeye salmon smolt has been estixated with hydroacoustic equipmeiit m t k  Ktichak River 
since 1971, Egegik River since 1982, and Ugashik - ~ i v e r  since 1983 (Crawford 2000). 
Relationships between numbers of smolt and number of spawners, and between size of smolt and 
numbers of spawners were examined. 

Distribution Of Spawners 

Information on distribution and relative abundance of spawners within the Kvichak River system 
has been collected by various agencies. Aerial surveys have been flown by ADF&G st& siice 
1988, and results are reported each year, including records dating back to 1955 (Glick et al. 2000). 
D.E. b g e r s  qJriversity of Wzshigton, Seattle, persoiid c~r~rnunicationj has compiled aerial 
survey counts &om key index areas and classified them into four habitat types: 1) rivers, 2) creeks 
and ponds, 3) mainland beaches, and 4) island bezches. Survey counts by habitat type were 
reviewed lCor trends thro'igh time to dctcnnine whether relationships existed between spawner 
&stribtld~r, or rd~tive .hndance v&h t ~ t d  span~iiig esczpemeit or cycle year. 

Chinook Salmon 

Spawner-Return Data 

Chinook salmon spawner-return data were analyzed for brood years 1966-1994 for the Nushagak 
River. Return information for brood year 1994 was incomplete because seven-year-old chinook 
salmon will not return until 2001. Since this age class generally does not comprise a large percent 
of the total return, age-1.5 returns were estimated based on returns of age-1.4 (siblings) chinook 
salmcn &om the 1994 brood yeu and the historic relationship between age-1.4 and age-1.5 chinook 
salmon 

Chinook salmon escapements into the Nushagak River were estimated with aerial surveys fi-om 
1966-1985 and 1997, and with side-scan sonar fkom 1986-1996, 1998-2000. Annual runs were the 
sum of aerial or sonar counts and harvests by commercial, sport, and subsistence fisheries. Sport 
and subsistence harvests above the Nushagak River sonar site were subtracted %om the escapement 
past the sonar site to estimate the number of spawners w a r d  et al. 1992). 

We assumed that chinook salmon harvested in Nushagak Districts originated from rivers within the 
district. As was done for sockeye salmon, Ricker stock-recruitment models were fitted to chinook 



salmon spawner-return data to estimate the number of spawners required to produce MSY. Results 
were not used if the model fit to the data was poor or model assumptions were violated. 

Yield Analysis 

The same tabular approach used for sockeye salmon was also used to examine chinook salmon 
stock-recruitment relationships. This method provided ASY for specik escapement and 
recruit~~~ent ktcrvals. 

RESULTS 

In general, sockeye salrnon spawner-return data for the Kvichak, Egegik, and Ugashik Rivers did 
not show density dependent mortality when all available data were hcluded, whish is a basic 
assumption of most stock-recruitment models. However, when the data were divided by cycle 
(Kvichak pre-peaklpeak and off-cycle years) or only more recent years were included @ge& and 
Ugaskdc), density dependent =ortali@ became evident. Density dependent mortality may not be 
evident in Bristol Bay east side spawner-return data if fteshwater or marine production has changed 
over time or factors in addition to numbers of spawners have greatly affected survival. 

Kvichak River Sockeye Salmon 

Escapement God History 

The management strategy for the Kvichak River fiom 1962 through 1984 was based on the 
occurrence of cyclic dominance in which some depensatory mechanism, independent of the fishery, 
was thought to suppress production during each of three years following a subdominant and 
dominant year. Since the five-year cycle was thought to be a naturally occurring phenomenon, 
management sought to obtain cyclic spawning escapements. Fishing in the Naknek-Kvichak 
District was regulated to obtain intermediate spawning escapements (4 million to 6 million) for the 
pre-peak (sub-dominant) run, large spawning escapements (10 million to 15 million) for the peak 
(dominant) run, and small spawning escapements (1 &on to 2 million) for the three off-cycle 
years (Table 1). 

Changes in the Kvichak River run since 1978, particularly the occurrence of large runs during off- 
cycle years like 1983, prompted reexamination of management based on the cyclic dominance 
theory. Results from analyses conducted by Rogers and Poe (1984) and Eggers and Rogers (1987) 
suggested that the Kvichak River run cycles were largely caused by a combination of 1) weather; 2) 
small spawning escapements; and 3) brood year interaction between peak-cycle years which had 
very large escapements and the following brood years that experienced reduced production. Eggers 



and Rogers (1987) suggested that the commercial fishery was the depensatory factor responsible for 
the recent pronounced cycle, because off-cycle runs were exploited at much greater rates than either 
pre-peak or peak runs. 

In 1985, ADF&G adopted an escapement goal policy to moderate the Kvichak run cycle (Fried 
1984). Spawning escapement goals were increased for off-cycle years and decreased for the peak 
year to moderate future fluctuations in production. Since that time, four BEG evaluation meetings 
have been held, including the 2000 meeting documented within this report. Results fkom the 1987, 
1991, 1994, and 1997 meetings have been presented to the Board of Fisheries (Cross 1991, Cross 
1994, Cross et al. 1997). 

The Kvichak escapement goal policy adopted in 1987 and continued through 2000 has allowed 
annual spawning escapement goals to fluctuate within a range of 2 to 10 million sockeye salmon. 
The lower limit of 2 million spawners was established because escapements below this level had 
often produced poorly. The upper limit of 10 million spawners was established because 
escapements greatly above this level appeared to reduce production the following brood year. A 
range of goals, rather than a single goal, was established to allow for 1) fluctuations in run sizes; 2) 
variations in spawner distribution; 3) potential effects of brood year interactions between progeny of 
successive spawning escapements; and 4) increased mformation on returns firom spawning 
escapements between 2-10 million. We now have five returns ftom off-cycle escapements between 
4-6 d o n .  Two of those brood years ji987 and i988j produced good runs ranging i?om 10-12 
million, while the remaining three brood years produced poor runs ranging fiom 2-5 million. 

In 1997, BEG works'nop participants agreed that the escapement god poiicy for Kvichaic River 
shouid be modified to aliow for a more robust variable escapement god range based on actual run 
size and a conservative exploitation rate (Table 2). The BEG range for Kvichak River during off- 
cycle years was changed fiom 4-6 million to a broader range of 2-10 million. Additionally, an 
exploitation rate of 50% was set on runs of 4-20 million to provide guidance in setting goals within 
the range. The management objective for a given off-cycle year would then be defined as 50% of 
the total inshore Kvichak River run, and would never be less than 2 million or greater than 10 
d o n .  The management objective for a given pre-peak or peak cycle year would then be defined 
as 50% of the total inshore Kvichak River run, and would never be less than 6 million or greater 
than 10 million. This would provide opportu~ity to obt& large escapements during the excsptional 
off-cycle year in which a run was large, but would also allow more harvest during the more usual 
off-cycle year in which a run was small. For example, under the new policy, an off-cycle total 
return of 8 million would allow 4 rnillion for escapement and 4 million for catch while a peak or 
pre-peak return of 14 million would allow for an escapement of 7 million and a harvest of 7 million. 

Spawner-Return Data 

The number of Kvichak River spawners has ranged from 0.2 million in 1973 to 24.3 million in 1965 
and returns have ranged from 0.3 rnillion for brood year 1958 to 55.0 million for brood year 1960 
Figure 2; Appendix Table B.l). Kvichak River spawner-return data fkom 1956-1995 show very 
distinct five-year cycles: two years of high production (pre-peak and peak cycle years) followed by 
three years of low production (off-cycle years). Through 1995, the average number of spawners for 
pre-peak and peak cycle years has been 10.3 million, and the average number of returning adults has 



been 22.3 rrdhon, however, there has been a downward trend in production since 1960. The 
average number of spawners for off-cycle years has been 3.0 &on with the average number of 
returning adults at 5.9 &on. There has been little overlap in spawning population sizes between 
off-cycle (10-90& percentile range: 0.7-4.6 million) and peak (10-90~ percentile range: 2.7- 1 8.7 
d o n )  years. This makes it dScult to determine whether large escapements would produce well 
during off-cycle years, or whether small escapements obtained during peak years would produce 
well or result in increased production during subsequent off-cycle years. 

Return-per-spawner values for the Kvichak River have ranged &om 0.2 for brood year 1968 (2.5 
million spaWers) to 10.8 for brood year 1973 (0.2 million spawners) and averaged 2.4 for ail 
available brood years (Figure 3; Appendix Table B.l). Return-per-spawner values have increased 
slightly since brood year 1972 Figure 3). However, the past five brood year return-per-spawner 
values have been below the 1956-1972 and 1973-1995 averages, but have been increasing slightly 
each year since 1992. The average return-per-spawner was 1.9 during 1956-1972 and increased to 
2.8 during 1973-1995. Additionally, return-per-spawner values fell below replacement for 6 of 17 
brood years (38%) during 1956-1972 while return-per-spawner values only fell below replacement 
for 4 of 23 brood years (17%) during 1973-1995. When viewing the entire series of available brood 
years, no distinct trends between return-per-spawner values and numbers of spawners were obvious. 
Density-dependent mortality was not evident since return-per-spawner values did not de, rrease as 
escapements increased (Figure 3). No strong trends were apparent when brood year data were 
divided into off-cycle and peak years. Return-per-spawner values were similar between off-cycle 
and pe& cycle years 1956-1995. Average return per spawner for oE-cycle brood years was 
2.3, while the average for pre-peak and peak cycle brood years was 2.5 (Figure 4). There was a 
slight trend of decreasing return-per-spawner values with increasing escapements within off-cycle 
brood years as well as within peak cycle brood years. Unexpectedly however, the average return- 
per-spawner vahz was sligtitly lovier fbr oE-cycle brood years than it was for pre-peak and peak 
brood years, even though the average number of spawners during off-cycle years has been 
considerably less than that for pre-peak and peak years. Again, return-per-spawner information did 
not indicate that freshwater density-dependent mortality was an important factor in determining 
production. 

A Ricker stock-recruitment model could not be fitted to spawner-return data for the Kvichak River 
when all brood years were examined as a set (Figure 5). A sigrYficant fit ((P-O.11) did occur 
however, if years 1969-1995 were included in the model; the estimated number of spawners 
required to produce MSY was 8.2 million. When all the data were separated into off-cycle years, a 
signdicant (P4.11) Ricker model indicated that MSY was achieved with 1.9 million spawners 
(bootstrapped 80% confidence interval of 1.3-3.7 million, n=1000; Figure 6). A Ricker model also 
produced a sigmlicant fit (P=0.09) to pre-peak and peak spawner-return data (1959 excluded), and 
indicated that MSY was achieved at 9.5 million spawners (bootstrapped 80% confidence interval of 
6.0-19.0 million, n=1000; Figure 6). We must caution the reader that fitting Ricker models to off- 
cycle and peak cycle data separately could produce misleading results, since this assumes that 
available spawner-return data can be used to describe the stock-recruitment reIationship for both 
cycle year categories. As mentioned previously however, while the data set as a whole has good 
contrast in numbers of spawners (range: 0.2 million to 24.3 million), off-cycle years within the 
available data set have had much smaller escapements than pre-peak and peak years. The lack of 
contrast in number of spawners for both subsets of the data does not allow us to determine whether 
off-cycle and peak years actually have different production regimes or whether observed differences 
are simply due to number of spawners. 



Yield Analysis 

A tabular approach to examine spawner-return data indicated that spawning populations between 1- 
2 million (n=6) and 3-4 million (n=4) produced the greatest ASY of 2.6 million for the off-cycle 
brood years (Figure 7). Other spawning levels produced considerably lower ASYs (less than 1.0 
million). Spawning populations between 12-15 million (n=3) produced the greatest ASY (22.5 
million) for the data set containing only pre-peak and peak years Figure 7). The next highest 
ca'icgoiy contained spa~nir~g escapements &om 9-12 &on, which produced an MY_ of 15.0 
million (n=3). No other categories produced ASYs greater than 10 d o n .  The current BEG for 
pre-peak and peak cycle years is 6-10 million. The minimum goal of 6 million was established 
because most pre-peak and peak cycle escapements had been greater than or equal to 6 million 
spawners and had produced good returns. The 10 million maximum ,was based on evidence that 
escapements greater than this depressed production fiom subsequent escapements (Eggers and 
Rogers 1987). 

Smolt Information 

Prior to 2000, there were five consecutive years of iarge age-1 smoit outmigrations, while previous 
large molt migrations were predominantly age-2 smolt (Figure 8). Freshwater age of Kvichak 
River sockeye salmon appears to be determined by environmental conditions such as warm weather 
&iring April 'h-ough October ((Rogers and Poe 1984). Eowever, Lew and Schdier (University of 
TTT--, l  wiwrwgton, FN, personal communicationj found that iarger escapements in Iliamna Lake tend to 
produce a larger proportion of age-2 smolts, which in turn, have a higher marine survival. Large 
escapements increase food competition in Iliamna Lake, slowing the growth of juvenile sockeye 
salmon. Freshwater age is partially determined by growth, and slower growing fish tend to stay 
in freshwater longer before leaving the lake systems as smolt. Brood years with unusually warm 
weather (1 992- 1995) have produced greater proportions of age-1. smolt. 

There was a si@cant (P<O.Ol) positive relationship between numbers of smolt and numbers of 
spawners for all brood years (Appendix Table C.1 and Figure 9). There was dso a sigdicant 
(P=0.01) positive relationship between numbers of adult returns and numbers of smolt. The 
relationship between numbers of smolt and numbers of spawners for off-cycle brood years was 
positive for both age-1 (P-0.02), and age-2 (P=0.06; Figure 10) smolt. With the exception of brood 
years 1978, 1987, and 1993, most off-cycle brood years have produced 80 million or fewer smolt. 
High sm~l t  production from off-cycle brood years has been predominantly age-1. smolt kom 
spawning escapements of 4 million or more sockeye salmon. Smolt idormation suggested that 
allowing greater numbers of sockeye salmon to spawn during off-cycle years may increase smolt 
production. We found no si@cant relationship between numbers of smolt and numbers of 
spawners for pre-peak and peak years eigure 10). 

Signikant inverse relationships were found among sue of age-1. and age-2. smolt and numbers of 
spawners Figure 11). Decreasing average size of smolt with increasing numbers of spawners was 
probably due to juveniles competing for food because more smolt were produced fkom brood years 
with greater numbers of spawners. Due to dzerences in numbers of spawners and numbers of 
smolt produced by diierent brood years within the cycle, average size of smolt was larger for off- 



cycle than for pre-peak and peak brood years. Average length of age-1. smolt was 87 mrn for off- 
cycle brood years and 85 rnrn for pre-peak and peak brood years. Average length of age-2. smolt 
was 108 rnm for off-cycle brood years and 101 rnm for pre-peak and peak brood years. Similarly, 
average weight of off-cycle age- 1. smolt was 6.0 g and for pre-peak and peak cycle age-1. smolt it 
was 5.5 g. Average weight for off-cycle age-2. smolt was 10.7 g and of pre-peak and peak cycle 
age-2. srnolt it was 9.0 g. Although average size of srnolt produced by pre-peak and peak brood 
years was less than that of smolt produced by off-cycle brood years, marine survival was not 
statistically different between off-cycle and pre-peak and peak brood years. 

The ayerage smolt per spawner for &cycle brood years was 30 and for pre-peak and peak brood 
years, it was 27 (Appendix C.l). The rate of smolt production was not dif6erent between off-cycle 
years compared to pre-peak and peak years, indicating that inherent production did not differ, only 
the numbers of spawners. 

Spawner Distribution 

Distribution of spawners among spawning habitat types has varied considembly throughcut the 
years, but two trends were evident (Figure 12). Cycles seemed to have moderated after 1987 for 
runs to the various spawning habitats except for island beaches where runs still show a strong five- 
yczr cycle. Spawners occurred in appreciable numbers on the island beaches only during the 
dominant peak years. Also, there appeared to be a decreasing number of island beach spawners 
fiom 1965-2000. Some of this decrease may have been due to a change in the acrid survey 
program, beginning in 1988, rather than to a real decrease in spawner abundance. Prior to 1988, 
3e;la! swveys wcre conducted over a longer time period each year, which increased the probabiiity 
of surveying during peak spawning periods. Beginning in 1988, the number of replicate surveys has 
been reduced, so timing of individual surveys has become more important. The most accurate aerial 
counts of beach spawners are made during peak spawning activity, since spawners are diEicult to 
see in these areas and carcasses most likely sink into deep water where they are not visible. Some 
decline in beach spawners was noticeable prior to 1988. This may indicate that the decline is real, 
but that changes in the aerial survey program may have accentuated its appearance. Large total 
numbers of spawners may be needed to get appreciable numbers spawning on island beaches, so 
isiand beach spawners cycle in abundance along with the total spawning population. 

Summary 

Extensive review of spawner-recruit, smolt, fiy, and lirnnoiogical information did not provide 
conclusive evidence supporting either of two hypothesis concerning the production cycles in 
Kvichak River: 1) the cycle is natural and caused by an unknown depensatory agent (e.g. predators); 
or 2) the cycle is simply due to low number of spawners during off-cycle years. A review of 
spawner-recruit data for all brood years suggested that the cycle was only due to a low number of 
spawners. Smolt-per-spawner values indicated that the rate of production fiom off-cycle brood 
years was similar to that for pre-peak and peak cycle years. In addition, smolt information fiom off- 
cycle years indicated that for some brood years with 4 million or more spawners, greater numbers of 
age-1. smolt were produced. These information indicated that the difference in production fiom off- 



cycle years compared to pre-peak and peak cycle years was only due to a lack of spawners. 

An analysis of spawner-return data with off-cycle brood years examined separately suggested that 
yield decreased during off-cycle years for escapements greater than 4 million. The five 
observations f?om off-cycle escapements greater than 4 d o n  produced lower than expected. 
Spawner distribution information indicated that cycles appeared to be very pronounced for island 
beaches. This information indicated that cycles may be caused &om some inherent depensatory 
factor. 

AvailabIe information was inconclusive about the cause of production cycles in Kvichak River, 
therefore a great deal of uncertainty exists as to what levels of escapement will optimize Kvichak 
River's production every 'year. Unless additional information is collected that explains the cause of 
the production cycles, we will not be able to adequately address how to optimize the management of 
Kvichak River sockeye salmon. 

Escapement Goal Recommendations 

After reviewing the goals for the Kvichak River, there is some evidence that lowering the goal of 
2 million p a m e r s  may increase yield in off-cycle yeas. For example, the suggested maximum 
sustainable yield fiom a Ricker spawner-recruit model is near the lower goal and an ASY 
analysis indicates that additional yield could be gained by lowering the goal below 2 million 
spawners. However, it was the cofisensus of the participants ct the woiksh~p that lowering the 
gna! belnw 2 -million spawners ~?t~~u!d ismease the &elihood that some stocks would not receive 
an adequate number of spawners to maintain sustainability or genetic biodiversity within the 
drainage. BEG means the escapement that provides the greatest potential for maximum 
sustainable yield and ensuring the greatest potential means that diversity needs to be maintained. 
The Kvichak River run is composed of a complexity of spawning stocks and by maintaining the 

health of all stocks, periods of high productivity are more likely to result in strong returns. 

Additionally, the lower goal of 2.0 million spawners for off-cycle years remained unchanged 
because if in fact, the cause for cyclic runs in the Kvichak is a lack of spawners meaning that 
there's no difference in productivity between what we currently consider cycle and off-cycle 
runs, then by lowering the goal of 2.0 million, we would be allowing escapements that are 
m h e r  fiom sustainable yield spawning levels. Therefore, the current BEG range for Kvichak 
River during pre-peak and peak cycle years was retained at 6-10 million and for off-cycle years 
at 2-6 million (Table 2). 

Naknek River Sockqe SaImon 

Spawner-Return Data 

The current BEG for Naknek River is 1.1 miUion sockeye salmon and the range is 0.8-1.4 million 
(Table 2). Numbers of sockeye salmon spawners have ranged f?om 0.3 million in 1958 to 3.6 



rnillion in 1991 (Appendix Table B.2 and Figure 13). Although the BEG is the management 
objective for the Naknek River, average escapement for the last 10 years has been 1.5 million 
sockeye salmon. Escapements during 1990- 1993 were especially large (1.5-3.6 million). The 199 1 
record escapement of 3.6 million was the result of low commercial fishing participation due to a 
price dispute. Other large escapements were usually due to dBculties exploiting large Naknek runs 
during years with small Kvichak runs. Returns to Naknek River have ranged fiom 0.7 million for 
brood year 1968 to 13.7 million for brood year 1986. 

Return-per-spawner values have varied fiom a low of 0.7 for brood year 1968 to a high of 6.9 for 
brood year 1986 and averaged 3.1 for all available brood years (Appendix Table A2 and Figure 
14). Naknek River sockeye salmon production increased after brood year 1972 as shown by 
increased return-per-spawner values that averaged 2.7 from 1956-1972 and 3.3 fiom 1973-1 995 
(Figure 14). Return-per-spawner values fell below replacement on three occasions: in 1959, 1968, 
and 1992. Return-per-spawner values have steadily increased for the past four brood years with the 
1995 brood year value up to 6.0, the highest since 1986. Returns fiorn these brood years came fiom 
average escapements. A si&cant (P=O.O6) density-dependent relationship exists between retum- 
per-spawner values and numbers of spawners (Figure 14). Escapements greater than 2.0 d o n  
spawners produced lower than average return-per-spawner values. 

Large returns have been produced fiom escapements ranging fi-om 0.8-2.0 million (Figure 15). The 
three greatest returns observed were produced fiom brood years 1976 (1.3 rnillion spawners), 1985 
(1.8 million spawners) and 1986 (1.9 million spawners). Spawner-return data sigmiicantly (-0.04) 
fit a Ricker stock-recruitment model; the estimated number of spawners needed to produce MSY 
was 1.9 &on (bootstrapped 80% corfidznce interd of 1.3-4.1 d o i q  n=1000; Figure 15). 
Spasmbng escapements fi-om 1.0 d o n  to 2.0 million on average, have produced large returns. 
Brood years with escapements greater than 1.4 million, the current upper range of the BEG, have 
also produced some large returns. 

Yield Analysis 

Average surplus yield was greatest (3.6 million) fiom spawning escapements ranging fiom 1.4-2.0 
rnillion, for which there have been six observations. However, because the 1986 yield (11.7 million 
- this is more than 5 times greater than the average) is so much larger than any other value it was 
excluded fiom the analysis (Figure 16). Average surplus yield fiom the remaining five observations 
was 2.0 million, less than the 2.4 rnillion ASY obtained fiom 20 escapements within the current 
BEG range (0.8-1.4 million). Aithough escapements above the upper end of the biological 
escapement range have produced large ASYs, this was mostly due to one extremely large return 
fiom the 1986 brood year. Returns from two other escapements above the current range suggest 
that large successive escapements, such as those observed for brood years 1990, 1991 and 1992, 
may result in decreased production. 

Escapement Goal Recommendations 

Workshop participants recommended that the existing BEG range of 0.8-1.4 d o n  sockeye 



salmon be maintained for Naknek River (Table 2). In general, available data support that range. 
Although there is some indication that spawning escapements greater than the current range could 
produce high yields, participants of the BEG workshop felt that we should be cautious about 
allowing successive large escapements above the current range into this system. 

Egegik River Sockeye Salmon 

The current BEG for Egegk River is 1.1 million sockeye salmon and the range is 0.8-1.4 million 
(Table 2). Numbers of sockeye salmon spawners have ranged fiom 0.2 million in 1958 to 2.8 
d o n  in 1991 (Appendix Table B.3 and Figure 17). Average escapement during the last 10 years 
was 1.7 million sockeye salmon. The largest successive escapements occurred fi-om 1990-1993 
with 2.2 million for 1990, 2.8 million for 1991, and 1.9 million for 1992. Returns to Egegik River 
have ranged &om 0.5 million for brood year 1968 to 25.9 million for brood year 1987. 

Return-per-spawner values have varied fi-om a low of 1.3 for brood year 1963 to a high of 20.4 for 
brood year 1987 and averaged 5.8 for all available bronc! years (Appefidix Table B.3 and I3gii-e 18). 
Ege& River sockeye salmon production increased greatly after brood year i975 as shown by 
increased return-per-spawner values that averaged 3.2 fiom 1956- 1975 and 8.5 from 1976- 1995. 
Return-per-spawner values have never been below replacement for Egegk River. Itemrn-per- 
spawner values for the past three brood years, 1993-1995, hzvc shovm incremi~g &end &mi 2.C 
to 0.9. Retam h;;z these b r e d  years came f o m  average sized, decreasing escapements. The 
relationship between return-per-spawner values and numbers of spawners did not show any density 
dependent mortality; larger escapements did not have lower average return-per-spawner values 
(Figure 18). 

Spawner-return data did not fit a Ricker stock-recruitment model when all years were included 
(Figure 19). With d available data, there was no evidence of density dependent mortality in the 
Egegik River spawner-return data, so we were unable to estimate the number of spawners required 
to produce MSY. However, when the more productive period with years 1976-1995 were used in a 
Ricker model a sigdicant (F0.05) relationship resulted. The estimated escapement necessary to 
produce MSY was 2.0 million (bootstrapped 80% confidence interval of 1.3-4.6 million, n=1000; 
Figure 20). 

Yield Analysis 

Using all available data, the ASY was greatest (11.0 million) fiom the two spawning escapements 
greater than 2.0 million (Figure 21). The next highest ASY (7.3 million) came fiom seven 
escapements ranging fi-om 1.4-2.0 million. Seven of the nine escapements greater than the upper 
goal of 1.4 million have resulted in yields greater than 5.6 million, the ASY for escapements within 
the current escapement goal range. The last three brood years have given progressively higher 
yields, ranging fi-om 1.5 to 7.6 million. 



For years 1976-1995 ASY remained unchanged for escapements greater than 2.0 d o n  because 
the same two data points as above were included (Figure 21). Spawning intervals with greater than 
three samples showed that the current BEG range of 0.8-1.4 million had the highest ASY at 10.1 
d o n  followed by escapements of 1.4-2.0 mdion with an ASY of 8.6 million. 

Markov transition probability tables were constructed for the periods 1956-1995 and 1976-1995 to 
provide additional insight into ASYs, their errors, and their relationship to varying escapement 
!evels (Tzbk 3). For the set using all available data, the greatest ASY of 9.1 million occurs at 
escapements greater than 1.8 million (Table 3). Escapements smaller than 1.8 million down to 
levels near 1.65 million produced lower yields. The second highest ASY (9.0 million) occurred 
with escapements between 1.2 and 1.5 million, however, the coefficient of variation was also 
greatest at this level. In general, the coefficient of variation increases as escapement increases up to 
1.65 million spawners. The variation in yields associated with escapement levels for the 1956-1995 
data set is greater than the 1976-1995 data set, likely because of their dEerences in productivity. 
For the 1976-1995 data set, the greatest ASY of 12.0 million occurs at a spawner interval of 1.2-1.5 
million followed by intervals of 1.05-1.35 million and 1.35-1.65 million. In general, as ASY 
increases so do the coefficients of variation (standard deviation of surplus yield divided by M Y ) .  
Thus, larger escapements tend to cause a wider range in yields or more uncertainty. 

Smolt Information 

&e&k Piver smok migr&m ii-orr? focr of the past five years has been much less than the 1983- 
2000 average of 52 million (Figure 22). Additionally, the past three brood years have produced 
below average total smolt emigrations (Appendix C.2). 

The relationship between the numbers of smolt and the numbers of spawners was unclear 
(Appendix Table C.2 and Figure 23). Numbers of smolt emigrating from Egegik River did not 
clearly increase as numbers of spawners increased. There was a sign5cant (P<0.01) positive 
relationship between numbers of returning adults and numbers of smolt (Figure 23). The numbers 
of smolt produced &om the 1994 and 1995 brood years, approximately 40 million, fit the smolt- 
adult return relationship very well. There appeared to be no relationship between number of 
spawners and size of either age-1. or age-2. smolt. 

Escapement Gild Recommendations 

Workshop participants recommended that the existing BEG range of 0.8-1.4 million sockeye 
salmon be maintained for Egegk River (Table 2). The BEG range for this system had been 
increased in 1995, and there was no compelling reason to increase it again at this time. In general, 
available data support that range. Although there is some indication that escapements greater than 
the current range could produce high yields, participants felt we should be cautious about allowing 
successive large escapements above the current range into this system. 



Ugashik River Sockeye Salmon 

Spawner-Return Data 

The current BEG for Ugashk River is 850 thousand sockeye salmon and the range is 0.5-1.2 
million (Table 2). Numbers of sockeye salmon spawners have ranged fi-om 39 thousand in 1973 to 
3.3 d o n  in 1980 (Appendix T&!e E.4 m d  Figure 24). The average escapement during the iast 
10 years was 1.3 million sockeye salmon. Escapements fi-om 1991-1993 were the largest 
consecutive escapements to date: 2.5 million for 1991, 2.2 rdhon for 1992, and 1.4 million for 
1993. Returns to Ugashik River have ranged ftom 39 thousand for brood year 1968 to 7.8 million 
for brood year 1980. 

Return-per-spawner values have varied fiom a low of 0.4 for brood year 1963 to a high of 25.2 for 
brood year 1978 and averaged 4.5 for all available brood years (Appendix Table B.4 and Figure 25). 
Ugashik River sockeye salmon production increased sigdicantly after brood year 1973 as shown 
by increased return-per-spawner values that averaged 2.1 fi-om 1956-1973 and 6.4 fi-om 1974-1995. 
Return-per-spawner values wcre below replacement seven times fiom 1956-1972, but have since 
fallen below replacement only once with brood year 1993. The relationship between return-per- 
s p w m  vdues number of spv'mers shvaed dsi is i~ dependent molta2ty (P=G.08, Figure 25). 
There were lower average return-per-spawner values ftom higher escapements, especially those 
greater than 1.4 million 

Ugshik Fiver pr~duction ircremtsed as spiiwxing escaijeieiiis increased &om 40 thousand to 500 
thousand and on average, good returns were produced fiom escapements ranging fiom 0.7-1.7 
million (Figure 26). A Ricker stock-recruitment model could not be signrticantly fitted to spawner- 
return data for the Ugashik River when all brood years (1956-1995) were examined. However, a 
Ricker stock-recruitment model was signdcant (P<0.01) when it was fitted through recent brood 
years (1974-1995). The estimated number of spawners required to produce MSY based on the 
stock-recruitment model for 1974-1995 brood years was 1.0 million (bootstrapped 80% confidence 
interval of 0.8-1.4 million, n=1000; Figure 27). The 1980 brood year was very influential on the 
shape of the stock-recruitment curve, so that year was omitted and another stock-recruitment model 
fit to the data. The estimated number of spawners to produce MSY based on the stock-recruitment 
model using 1974-95 and omitting 1980 was 0.8 million (bootstrapped 80% confidence interval of 
0.6-1.0 million, n=1000; Figure 27). 

Yield AnaIysis 

Using all available data, the ASY was greatest (3.0 million) fi-om spawning escapements greater 
than 1.2 million, for which there were 10 observations (Figure 28). The next highest ASY (2.2 
million) came fiom escapements ranging within the current BEG range, 0.5-1.2 million, for which 
there were 12 observations. Of the four brood years with escapements greater than 2.0 million, 
1980 and 1991 produced high yields, while 1960 and 1992 produced very low yields. Although 
escapements into the Ugashik River ranging &om 1.2-1.7 million have produced high yields, they 
were not consecutive. 



Usiig more recent data, 1974-1995, the ASY was again at escapements greater than 1.2 &on 
Figure 28). However, the difference between that and the next lowest category was much smaller 
(3.2 d o n  versus 3.1 rmllion). 

Next, a Markov transition probability table was developed to examine surplus yields and 
escapement levels on a finer scale with observed variability. Using the data set that includes all 
years, the greatest ASY (3.4 million) occurs at spawning levels of 1.2-1.5 d o n  (Table 4). 
Variability is highest for spawning levels below 1.20 million and greater than 1.65 million. For the 
data set 1974-1 995, the greatest ASY of 3.4 milhon again occurs at an escapement range of 1.2-1.5 
million spawners (Table 4). The greatest coefficient of variation for surplus yield occurred at 
escapements of 0.9- 1.2 million. 

Smolt Information 

Smolt migration from Ugashik River for the past seven years, 1994-2000, have been much below 
the 1983-2000 average (Figure 29). Cross et al. (1997) thoroughly reviewed the extrenely low 
smolt count of 1996 and suspected it was lower than actual smolt numbers because of the early 
spring break-up and smolt migrating prior to counting. Even if the count was erroneously low, they 
fslt the iread of reduced smolt counts observed for i994-1997 was real. The 1993 brood year that 
had an escapement of 1.4 million, following escapements of 2.5 million and 2.2 million, produced 
extremely low smolt numbers. 

The rekitionsElil, betwseii ~liimbers of smoit md numbers or" spawners was unciear (Appendix Table 
C.3 and Figure 30). Numbers of smolt migrating fi-om Ugashik River showed no discernible trend 
with numbers of spawners when all years are included, however a strong (*=0.76) relationship 
emerged when data prior to 1989 were excluded. There was a siguiicant (P<0.01) nonlinear 
positive relationship between numbers of adult returns and numbers of smolt (Figure 30). 

Escapement Goal Recommendations 

Workshop participants recommended that the existing BEG range of 0.5-1.2 million sockeye 
salmon be maintained for Ugashik River (Table 2). The BEG range for this system was last 
increased in 1995, and there was no compelling reason to increase it again at this time. In general, 
available data support that range. Although there is some indication that escapements greater than 
the current range could produce high yields, participants felt we should be cautious about allowing 
successive large escapements above the current range into this system. Recent brood year returns 
and smolt migrations have shown a decrease in production following large back-to-back 
escapements. 



Togirrk River Sockeye Salmon 

Spawner-Return Data 

The current biological escapement point goal for Togiak River above the tower is 150 thousand 
sockeye salmon with a range of 100-200 thousand (Table 2). The spawner-return information 
presented below includes spawning escapements counted past the Togiak River tower plus 
estimates of spawners in the lower river fiom aerial surveys. The lower river spawners were 
included in the analyses because on average they comprised 15% of the total Togiak River 
spawners, and therefore contribute signdicantly to the Togiak Section catch. To estimate an 
escapement goal above the tower, the lower river spawners have to be subtracted from the estimate 
of optimum spawners for the entire drainage. 

Numbers of sockeye salmon spawners have ranged fiom 25 thousand in 1957 to 527 thousand in 
1980 (Appendix Table B.5 and Figure 31). Average escapement during the last 10 years was 215 
thousand sockeye salmon. Returns to Togiak River have ranged fiom 152 thousand for brood year 
1963 to 1.3 &on for brood year 1995. 

Return-per-spamer vdilues fc?r the total Tsgia!! FkY7er vai-ied from a I G ~  ~f 0.58 for brood year 1980 
to a high of 7.3 for brood year 1957 and averaged 3.3 for all available brood years (Appendix Table 
B.5 and Figwe 32). Togiak sockeye salmon production shewed a decrease &om 1991-1994, but 
jumped to 6.1 for brood yex 1995. Average return-per-spawner value for brood years 1956-1979 
was 3.8, wMe the axrage f ~ r  1980-1995 wa 2.8. Du+G~ the first mor2 productke period, 
consistently higher than average return-per-spawner values occurred for brood years 1972-1977. 
The relationship between return-per-spawner values and numbers of spawners showed density 
dependent mortality (P<O. 0 1, Figure 32). Large escapements, especially those greater than 200 
thousand, showed lower than average return-per-spawner values. 

Togiak River total production increased as spawning escapements increased fiom 50 thousand to 
100 thousand and on average, good returns came fiom escapements ranging ftom 100-300 
thousand. A Ricker stock-recruitment mode1 was significant (P<0.01) when fitted through all 
available brood years, 1956-1995 (Figure 33). The estimated number of spawners required to 
produce MSY for total Togiak River based on all brood years was 180 thousand (bootstrapped 80% 
confidence interval of 144-245 thousand, n=1000). 

Yield Analysis 

Average surplus yield was greatest (43 1 thousand) from spawning escapements ranging between 
140-200 thousand for which there were ten observations (Figure 34). Average surplus yields were 
similar for two other escapement ranges, 100-140 thousand (319 thousand) and fiom 200-250 
thousand (333 thousand). Analysis of observed yields indicated that escapements into the Togiak 
River greater than 250 thousand could produce high yields, however past high escapements were 
generally not consecutive. 



Escapement Goal Recommendations 

Workshop participants recommended that the existing BEG range of 100-200 thousand sockeye 
salmon be maintained for Togiak River (Table 2). In general, available data support that range. 
The BEG range for this system was last changed in 1997, and there was no compellmg reason to 
change it again at this time. In 1997, the BEG range of 140-250 thousand was changed to a range of 
100-200 thousand for Togiak River above the tower based on a summary of available spawner, 
return, and yield data (Cross et al. 1997). 

Wood River Sockeye Salmon 

Spawner-Return Data 

The current management objective for Wood River is 1.1 million sockeye salmon and the current 
BEG range is 0.7-1.2 million (Table 2). Numbers of Wood River sockeye salmon spawners have 
ranged from about 0.3 million in 1957 to almost 3.0 &on in 1980 (Appendix Table B.6 and 
Figure 35). Average esca~ement Lntn Wood River during the last 10 years has been 1.4 million 
sockeye salmon, and since 1994 has been 1.5 million sockeye salmon. Returns to Wood River 
ranged fiom 0.4 million for brood year 1957 to 6.2 million for brood year 1995. Return-per- 
spawner values for 'Nood Ever have varied fiom a low of 0.5 for brood year 1980 to a high of 7.0 
fir brood year 1976, mcl averaged 2.7 for all available brood years (Appendix Table B.6 and Figure 
36). Average return-per-spawner values were 2.1 for 1956-1972 and 3.2 for 1973-1995. Return- 
per-spawner values were below replacement for only two brood years, 1959 and 1980, both of 
which had escapements greater than 2.0 million. The relationship between return-per-spawner 
values and numbers of spawners showed density dependent mortality (Figure 36). 

Wood River total production has increased as spawning escapements have increased above 0.7 
million (Figure 37). On average, good returns have been produced fiom escapements ranging from 
0.7-1.7 million. A Picker stock-recruitment model fitted through all available brocd years for 
Wood River was sipficant ( H . 0 1 )  and estimated that 1.3 million spawners would produce MSY 
(bootstrapped 80% confidence interval of 1.0-2.1 million, n=1000; Figure 37). The stock- 
recruitment model fitted through recent data, 1973- 1995 brood years, was also significant (P<0.0 1) 
and estimated that 1.0 million spawners would produce MSY (bootstrapped 80% confidence 
interval of 0.8-1.3 million, n=1000). 

Yield Analysis 

The greatest ASY (3.6 million) came fiom four spawning escapements within the range of 1.45- 
1.75 million (Figure 38). Three spawning level categories, each with six or more escapements, had 
ASYs between 1.7-1.8 million, including 0.70-0.95, 0.95-1.20, and 1.20-1.45. Six of the past seven 
escapements (since 1994) were greater than the upper range of 1.4 million. Brood year returns fi-om 
1994 and 1995 were over 5 million with return-per-spawner values greater than three. 



Escapement Goal Recommendations 

Workshop participants recommended increasing the upper BEG fiom 1.2 million to 1.5 million for 
Wood River sockeye salmon. In addition to the two &cker models estimating MSY to be near and 
above the upper goal, the yield analysis supported an increase above 1.2 million spawners. 
Spawning intervals with six or more samples indicated that large ASYs could occur with 
escapements up to 1.5 million. Additionally, escapements in 1994 and 1995 were near 1.5 million 
md produced runs sver of 5 d i o n ,  rwhg number one and number four &om 40 years of brood 
year return data. 

Igushik River Sockeye Salinovl 

Spawner-Return Data 

The current management objective for Xgushik River is 200 thousand sockeye salmon and the 
current BEG range is 150-250 thousand (Table 2). Numbers of Igushik River sockeye salmon 
spamers have raiiged h i i i  about 0.02 million in 1962 to h o s t  2.0 rniilion in 1980 (Appendix 
Table B.7 and Figure 39). Average escapement has been about 0.4 million sockeye salmon during 
the last 10 years. Returns have ranged fiom about 0.08 million for brood year 1957 to 4.0 million 
for brood year 1975. Return-per-spawner -dues have vked frc1m a low ~f 0.2 for brood year 1980 
t~ a big!! t:of 21.0 far brood yzai 1977 and averaged 4.6 for ali avadabie brood years (~ppendix 
Table B.7 and Figure 40). Average return-per-spawner value was 3.3 for 1956-1972 and 5.6 for 
1973-1995. Return-per-spawner values were below replacement for 10 brood years, seven of which 
had escapements greater than 0.2 million, providing evidence of density-dependent mortality. 
Additionally, a sigdicant (P-0.02) density dependent inverse relationship exists between the 
number of spawners and the return per spawner; that is, larger escapements typically result in a 
lower return-per-spawner value (Figure 40). 

Spawner-return information indicated that Igushik River total production increased as spawning 
escapements increased above 150 thousand (Figure 41). On average, good returns were produced 
fiom escapements in the 150-250 thousand range. Stock-recruitment models generally fit Igushik 
River spawner-return data well. The extremely large 1980 escapement was excluded fiom the 
analyses, since it was almost four times greater than most of the other observed spawning 
escapenents. A Ricker stock-recruitment model fit through all available brood years, excluding 
1980, was sigrdlcant (P<0.01) and estimated that 265 thousand spawners would produce MSY 
(bootstrapped 80% confidence interval of 203 -395 thousand, n=1000; Figure 4 1). 

Yield Analysis 

The greatest ASY (930 thousand) was derived fi-om six spawning escapements in the escapement 
range of 200-300 thousand (Figure 42). The next greatest ASY (870 thousand) came from 
escapements ranging fi-om 300-400 thousand. Again, data fiom 1980 were excluded in this 



analysis. 

Additionally, a Markov transition probability table was developed to examine surplus yields and 
escapement levels on a h e r  scale with observed variability. In this analysis, the greatest ASY of 
1.0 million occurred at an escapement range of 150-250 spawners (Table 5). This category was 
followed closely by escapements ranging fiom 200-300 thousand, which had an ASY of 0.9 
million. The coefficient of variation for surplus yield was relatively high at all escapement levels, 
reflecting the large variability in returns for any given escapement level. 

Escapement God Recommendations 

Workshop participants recommended increasing the upper BEG &om 250 thousand to 300 thousand 
for Igushik River sockeye salmon. A Ricker MSY estimate above the current goal and ASYs that 
suggest additional yields may be gained by raising the goal to 300 thousand support the change. 
Associated with an increase in the upper range, the point goal was raised &om 200 thousand to 225 
thousand spawners. 

Nushagak River Sockeye Salmon 

Spawner-Return Data 

The current management objective for Nushagak River is 0.55 million sockeye salmon and the 
current BEG range is 0.24-0.76 million (Table 2). Spawner-return data for the total Nushagak River 
system have been estimated since 1978. The Nushagak River sonar project began estimating 
sockeye salmon in 1980 and prior to that, only escapements into the Nuyakuk River, a tributary to 
the Nushagak River, was monitored. Estimates of escapement for the total Nushagak River system 
in 1978 and 1979 are derived fiom the sum of Nuyakuk tower estimates and expanded aerial 
surveys throughout the remainder of the system. Numbers of Nushagak River sockeye salmon 
spawners for brood years 1978-1995 ranged fkom 0.3 million in 1995 to 3.3 million in 1980 
(Appendix Table B.8 and Figure 43). Average escapement during the last 10 years has been about 
0.5 million sockeye salmon. Returns have ranged fiom 0.9 million for brood year 1994 to 2.5 
million for brood year 1988. Return-per-spawner values have varied fiom a low of 0.4 for brood 
year 1980 to a high of 5.3 for brood year 1987 and averaged 2.7 far all available brood years 
(Appendix Table B.8 and Figure 44). There was evidence of density-dependent mortality since the 
return-per-spawner values decreased for escapements greater than 0.6 million. Significant linear fits 
to the return-per-spawner data occurred with (P=0.01) and without (P<0.01) the 1980 data point in 
the analysis. 

Spawner-return information for Nushagak River was very limited in escapement range when the 
1980 brood year data were excluded (Figure 45). Ricker spawner-recruitment models were fit to the 
data with and without the 1980 brood year data. Both models produced significant (P<0.01) fits, 
but with varying estimates of escapement needed to produce MSY. The Ricker model using all data 
estimated that escapement needed to be 760 thousand to produce MSY (bootstrapped 80% 



confidence interval of 575-985 thousand, n=1000), the upper limit of the current BEG range. The 
shape of this model's predicted h e  is largely determined fiom the 1980 data point. The Ricker 
model excluding 1980 estimated that escapement needed to be 500 thousand at MSY (bootstrapped 
80% coddence interval of 390-700 thousand, n=1000). More escapements between 0.7 and 3.0 
million are necessary for a better understanding of a spawner-return relationship at larger 
escapements. 

Yield Andysis - - - -  

The greatest ASY, 1.2 million, was produced from eight spawning escapements within the middle 
portion (0.34-0.55 d o n )  of the current BEG range (Figure 46). Average surplus yield for 
spawning escapements above the current BEG range was 1.0 million. There are no observed returns 
from escapements below the lower limit of the current escapement range. 

Escapement Goal Recommendations 

Workshop participants recommended no changes for the Nushagak River sockeye salmon BEG. 
Available spawner-return information was very limited, but generally supported the current 
management objective and BEG range. The relationship of Nuyakuk escapement to Nushagak 
escapement was explored, but the Nuyakuk tower dala are sparse. Based on anaiysis of the 
avdab'le data., maximum yieids for fne Nuyakuic and Nushagak Rivers are likely to occur at 
escapements above the point goal of 550,000. The Nuyakuk tower was operated fiom 1979-1988 
and fi-om 1995 to the present. The only recent spawner-recruitment brood year information for the 
Nuyakuk River is 1995, but as additional tower escapement data are collected, we should gain a 
better understanding of how Nuyakuk River and Nushagak River production are related. 

Nushagak River Chinook Salmon 

Spawner-Return Data 

The current B E  for Nushagak River chinook salmon is 65 thousand with the commercial fishery 
managed to achieve an inriver goal of 75 thousand as outlined in the Nushagak-Mulchatna Chinook 
Salmon Management Plan (ADF&G, 1996). Numbers of chinook salmon spawners ranged fiom 25 
thousand in 1972 to 162 thousand in 1983 (Appendix Table B.9 and Figure 47). The average 
number of spawners during the last 10 years was 78 thousand chinook salmon. Chinook salmon 
returns ranged from 49 thousand for brood year 1969 to 476 thousand for brood year 1977. Return- 
per-spawner values varied from a low of 0.5 for brood year 1982 to a high of 9.2 for brood year 
1972 and averaged 2.7 for all available brood years (Appendix Table B.9 and Figure 48). Nushagak 
River chinook salmon spawner-return data showed sigxficant (P<0.01) evidence of density 
dependent mortality as return-per-spawner values were lower for escapements greater than 100 
thousand. 



Chinook salmon spawning escapements ranging &om 40-100 thousand have, on average, produced 
large returns (Figure 49). Ricker stock-recruitment models fit through all available brood years and 
the years 1978-1995 were si&cant (P<0.01) and estimated that the number of spawners required 
to produce MSY was 49 thousand (bootstrapped 80% confidence interval of 43-58 thousand, 
n=1000; Figure 49). A Ricker stock-recruitment curve fitted through spawner-return data estimated 
fiom aerial surveys only (1966-1979) was significant (P=0.09) and estimated that 65 thousand 
spawners would produce MSY. 
Yield Andysis 

Average surplus yield was greatest (133 thousand) fiom spawning escapements ranging fiom 40-65 
(n=7, Figure 50). The six spawning escapements greater than 100 thousand chinook salmon 
produced on average, very little surplus yield. Spawning escapements less than 40 thousand (n=4) 
and &om 70-95 thousand (n=10) produced similar ASYs. 

Escapement Quality 

The t i e d  i ~ ~ a ~ d s  S;ou;;gcr fish h c h o o k  salmn s?awhg escqxmentshm 1995-1997 raised 
concerns about the quality of chinook salmon escapements into the Nushagak River (Figure 51). 
Chinook salmon size and sex composition varies greatly with the smaller three and four-year-old 
chinook salmon returning to spawn primarily as males. The sex composition of the larger and older 
(age-5 tFiiougli age-7) ckkmok salmon ;mi;,Ps, bxt is pcr~ximately e q d  pr~pcx?ims nf m d e  md 
females. Because there is such a difference in sze among returning chinook salmon, the 
commercial w e t  fishery and the sport fishery can be size selective. 

We reviewed the current BEG of 65,000 to determine if it adequately addressed dserences in age 
composition observed in recent years. The average percentage that large chinook salmon (age-5 
through age-7) comprised of historic spawning escapements &om 1981-1991 was 82%. Age 
composition fi-om other spawning escapements were not available. Based on the current goal of 
05,000 and an average percectage of 82% large fish, it was esthated that approximately 53,000 
large fish should be allowed to spawn. We also compared the relationship among the number of 
age5 through age-7 chinook salmon spawners and corresponding return data for the years available, 
198 1- 1991, and estimated the number of age-5 through age-7 spawners required to produce MSY. 
The age-5 through age-7 stock recruitment model was signtficant (P<0.01) and estimated that 
41,000 age-5 through age-7 spawners would produce MSY. From 1981-2000 age5 through age-7 
chinook salmon spawning escapements fell below 41,000 only twice, 1990 and 1996. Additionally, 
the total number of spawners for 1990 and 1996 were also below the current BEG of 65,000. For 
the 16 years with age composition data, the numbers of age-5 through age-7 spawners were below 
53,000 during six years. Three of those six years did not meet the current BEG of 65,000 total 
spawners. Based on these results we felt the current BEG of 65,000 addressed spawner quality 
adequately, although we continue to urge managers to regulate the commercial and sport fisheries to 
allow untouched fish through the fisheries and to secure the BEG of 65,000 chinook salmon 
spawners. 



Escapement Goal Recommendations 

Workshop participants recommended no changes for the Nushagak River chinook salmon BEG. 
Avadable spawner-return information supported the current BEG. 
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Table 1. H~stor); of Kvichak Gver sockeye salmon escapement goals set under the cyclic goal policy, 1969-1985 and 
recent goals, 1986-2000, set under the 4-10 d i o n  policy range. 

Year Policy Goal Actual Deviationa 
Cyclic 

11 

11 

II 

ll 

I1 

11 

I1 

II 

II 

I t  

I1 

I t  

I t  

I1 

11 

11 

2-10 Range 
I t  

I t  

I1 

I t  

11 

II 

I1 

I t  

I1 

II 

I t  

I1 

11 

11 

1969-2000 Average 5,900,000 5,600,000 -9 

1969-1985 Average 6,100,000 6,400,000 3 

1986-2000 Average 5,600,000 4,800,000 -23 

" Percent deviation = (Actual-Goal)/Gaal 



Table 2. Current spawning escapement goals of sockeye salmon and the recommended changes for Bristol Bay Rivers. 

Current Goals Recommended Goals 

River Objective Range Objective Range 

Kvichak 2,000,000 2,000,000 - 10,000,000 NO CHANGE 
(offcycle) 

6,000,000 
(Pre-peak & Peak) 

Naknek 1,100,OO 800,000 - 1,400,000 NO CHANGE 

Egegrk 1,100,OO 800,000 - 1,400,000 NO CHANGE 

Ugashik 850,000 500,000 - 1,200,000 NO CHANGE 

Wood 1,000,000 700,000 - 1,200,000 1,100,000 700,000 - 1,500,000 

Ig~shik 200,000 150,000 - 250,000 225,000 150,000 - 300,000 

Nushagak 550,000 235,000 - 760,000 NO CHANGE 



Table 3. S~unmary of results fi-om two Markov transition probabhty tables of Ege@ hver  sockeye salmon spawner- 
recruit data, 1976-1995 and 1956-1995. Spawner intervals and averages are given in thousands of fish. 

Data Set: Brood Year 1956-1995 

Spawner Avg. # of L4vg. # of Avg. Surplus Coefficient of Return 1 
Interval N Spawners Recruits Yield (ASY) Variation for ASY Spawner Min Mas 

Data Set: Brood Year 1976-1995 

Spawner Avg. # of Avg. # of Avg. Surplus Coefficient of Return / 
htemal N Spawners Recruits Y e  ( A  Varianon for ASY Spawner Min Max 



Table 4. Summary of results fiom two Markov transition probability tables of Ugashik River sockeye salmon spawner- 
recruit data, 1974-1995 and 1956-1995. Spawner intervals and averages are given in thousands of fish. 

Data Set: Brood Year 1956-1995 

Spawner Avg. # of Avg. # of Avg. SurpIus Coefficient of Return / 
Interval N Spawners Recruits Yield (ASY) Variation for ASY Spawner Min Max 

Data Set: Brood Year 1974-1995 

Spawner Avg. # of Avg. # of Avg. Suqlus Coefficient of Return / 
Interval N Spawners Recruits Yield (ASY) Variation for ASY Spawner Min Max 



Table 5 .  Summary of results from a Markov transition probability table for Igushik River sockeye salmon spawner- 
recruit data, 1956-1995. Spawner intervals and averages are gwen in thousands of fish. 

Spawner Avg. # of Avg. # of Avg. Surplus Coefficient of Return / 
Interval N Spawners Recruits Yield (ASY) Variation for ASY Spawner Min Max 
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Figure 2. Number of spawners and total return of Kvichak River sockeye salmon 
by brood year, 1956 - 1995. 
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Figure 3.  Return per spawner of Kvichak River sockeye salmon by brood year, 
1956-1995, and number of spawners. 
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Figure 4. Return per spawner of Kvichak River sockeye salmon versus number of spawners 
for off-cycle, and pre-peak and peak cycle years (1956-1995 brood years). 
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Figure 5. Total return of Kvichak River sockeye salmon versus number of spawners, 
1956-1995 brood years. 
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Figure 6. Ricker spawner-recrutiment relationship of Kvichak River sockeye salmon for 
off-cycle, and pre-peak and peak cycle years (1960-1995 brood years). 
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Figure 7. Average surplus yield categorized by number of spawners of Kvichak River 
sockeye salmon for off-cycle, and pre-peak and peak cycle years 
(1 960- 1995 brood years). 
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Figure 8. Number of sockeye salmon smolt migrating out of Kvichak River, 1971 -2000. 
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Number of spawners versus number of smolt, and number of smolt versus total adult 
return for Kvichak River sockeye salmon (1 969- 1995 brood years). 
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Figure 10. Number of spawners versus number of smolt of Kvichak River sockeye salmon for 
off-cycle, and pre-peak and peak cycle years (1 969-1 995 brood years). 
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Figure 1 1. Average length and weight of age 1 and age 2 smolts versus number of spawners for 
Kvichak River sockeye salmon (1969-1995 brood years). 
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Figure 12. Spawner distribution of Kvichak River sockeye salmon at main beaches, island beaches, 
rivers and creeks, 1961-2000. 
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Tigure 13.   umber of spawners and total return of Naknek River sockeye salmon by 
brood year, 1956 - 1995. 
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Figure 14. Return per spawner ofNaknek River sockeye salmon by brood year, 
1956-1995, and number of spawners. 
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Figure 15. Ricker spawner-recruitment relationship of Nrkxk Pi~eer sockeye salmoq 

1956-1995. 
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Figure 1 6. ~ v e r a g e  surpius yieid categorized by the number of spawners of l+dknek 
River sockeye salmon, 1956-1995 brood years. 
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Figure 17. Number of spawners and total return of Egegik River sockeye salmon by 
brood year, 1956 - 1995. 
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Figure 18. Return per spawner of Egegik River sockeye salmon by brood year, 
1956-1995, and number of spawners. 
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Figure 19. Total return of Egegik River sockeye salmon versus number of spawners, 
1956-1995 brood years. 
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Figure 20. Ricker spawner-recruitment relationship of Egegik River sockeye salmon, 
1976-1995. 
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Figure 21. Average surplus yield categorized by the number of spawners of Egegik 
River sockeye salmon, 1956-1 995 and 1976-1 995 brood years. 
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Figure 22. Number of sockeye salmon smolt migrating out of the Egegik River, 
1983-2000. 
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Figure 23. Number of spawners versus number of smolt, and number of smolt versus 
total return of Egegk River sockeye salmon, 1980-1995 brood years. 
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Figure 24. Number of spawners and total return of Ugashik River sockeye salmon by 
brood year, 1956 - 1995. 
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Figure 25. Return per spawner of Ugashik River sockeye salmon by brood year, 
1956-1995, and number of spawners. 
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Fig i re  26. Total :ehm of Ugaskk a v e r  scckeye s d m n  versus ntmber of "r- c n s ~ p e r c ,  ---- - 
1956-1995 brood years. 
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Figure 27. Ricker spawner-recruitment relationship of Ugashik River sockeye salmoq 
1974-1995. 
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Figure 28. Average surplus yield categorized by the number of spawners of Ugashik 
River sockeye salmon, 1956-1995 brood years. 
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Figure 29. Number of sockeye salmon smolt migrating out of the Ugashik River, 
1983-2000. 
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Figure 30. Number of spawners versus number of smoIt, and number of smolt versus 
total return of Ugashik River sockeye salmon, 198 1- 1997 brood years. 
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Figure 3 1. Number of spawners a114 total return of Togiak fiver sockeye salmon by 
brood year, 1956 - 1995. 
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Figure 32. Return per spawner of Togiak River sockeye salmon by brood year, 
1956-1995, and number of spawners. 
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Figure 33. Ricker spawner-recruitment relationship of Togiak River sockeye salmon, 
1956-1995 brood years. 
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P i p e  34. Axm-age mrp!us yield categorized by the nuxber of spawners of Togiak 
River sockeye salmon, 1956-1995 brood years. 
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Figure 35. Number of spamen  and total r e t ~ m  of WoodRiver sockeye salmon by 
brood year, 1956 - 1995. 
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Figure 36. Return per spawner of Wood River sockeye salmon by brood year, 
1956-1 995, and number of spawners. 
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Figure 37. Ricker spawner-recritinent relationship of Wood River sockeye salmon, 
1956-1995 brood years. 
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Figiire 38. Average suqlus yield cztegmized by the nrtmber of spawners ~f Wood 
River sockeye salmon, 1956-1 995 brood years. 
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Figure 39. Number of spawners and total return of Igushik River sockeye salmon by 
brood year, 1956 - 1995. 
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Figure 40. Return per spawner of Igushik River sockeye salmon by brood year, 
1956- 1995, and number of spawners. 
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Figure 41. Total return of Igushik River sockeye salmon versus number of spawners, 
1956-1995 brood years (excluding 1980 brood year). 
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Figure 42. Average surplus yield categorized by the number of spawners of Igushik 
River sockeye salmon, 1956- 1995 brood years (excluding 1980 brood year). 
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Figw-e 43. Number of spawners and total return of Nushagak River sockeye salmon by 
brood year, 1978-1995. 
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Figure 44. Return per spawner of Nushagak River sockeye salmon by brood year, 
1978-1995, and number of spawners. 
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Figure 45. Total return of Nushagak River sockeye salmon versus number of spawners, 
1978-1995 brood years. 
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Figure 46. Average surplus yield categorized by the number of spawners of Nushagak 
River sockeye salmon, 1 978- 1995 brood years (excluding 1980 brood year). 
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Figure 48. Return per spawner of Nushagak River chinook salmon versus number of 
spawners, 1966-1994 brood years. 
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Figure 49. Ricker spawner-recruitment relationship of Nushagaic River chinook salmon, 
1966-1994 brood years. 
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Figure 50. Average surplus yield categorized by number of spawners of Nushagak River 
chinook salmon, 1966-1994 brood years. 
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Figure 5 1. Percentzge of age 3-4 ar,d age 5-7 cF2nook salm~ii in Nushagak River spawning 
escapements, 198 1-1 985 and 1987-2000. No age data was collected in 1986. 



Appendix A.1. List of inchiduals attendmg the 2000 Bristol Bay sockeye salmon escapement goal workshop. 

Name 

Milo Adkison 

Cindy Anderson 

Tim Baker 

James Brady 

Linda Brannian 

Jim Browning 

Brian Bue 

Bob Clark 

Drew Crawford 

Jim Echundson 

David Evans 

Lowell Fair 

Stephen Fried 

Dan Gray 

Ray Hilborn 

Lee McKinley 

Steve Morstad 

Jeff Regnart 

Tim Sands 

James Seeb 

Keith Weiland 

Fred West 

Craig Whitmore 

Richard Yanusz 

University of Alaska, School of Fisheries and Ocean Sciences 

ADF&G, Division of Commercial Fisheries 

ADF&G, Division of Commercial Fisheries 

ADF&G, Division of Commercial Fisheries 

ADF&G, Division of Commercial Fisheries 

ADF&G, Division of Commercial Fisheries 

ADF&G, Division of Commercial Fisheries 

ADF&G, Sport Fish Division 

ADF&G, Division of Commercial Fisheries 

ADF&G, Division of Commercial Fisheries 

ADF&G, Division of Commercial Fisheries 

ADF&G, Division of Commercial Fisheries 

United States Fish and Wildlife Service 

ADF&G, Division of Commercial Fisheries 

University of Washington, Fisheries Research Institute 
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Appendix B. 1. Kvichak River sockeye salmon escapement and return by brood year, in thousands, 1956-1995. 

Return by Age Class 

Brood R e t u d  
Year Escapement 0.2 1.1 0.3 1.2 2.1 0.4 1.3 2.2 3.1 1.4 2.3 3.2 2.4 3.3 3.4 TotalSpawner 

1956 9,443 0 14 0 24,273 0 0 6,968 6,472 0 0 1,308 0 0 0 0 39,035 4.13 
1957 2,843 8 0 0 243 0 0 244 3,333 0 2 259 0 0 2 0 4,091 1.44 
1958 535 0 0 0 76 0 0 48 135 0 0 26 0 0 3 0 288 0.54 
1959 680 0 0 0 212 1 0 117 206 0 0 11 0 0 0 0 547 0.80 
1960 14,630 0 0 1 1,314 134 0 563 46,746 0 0 6,485 10 0 6 0 55,259 3.78 
1961 3,706 1 0 0 334 0 0 190 2,293 0 0 679 5 0 0 0 3,502 0.94 
1962 2,581 0 0 0 104 2 0 152 4,675 0 0 408 12 0 4 0 5,357 2.08 
1963 339 0 0 0 49 3 0 50 639 0 0 366 3 0 9 0 1,119 3.30 
1964 957 0 8 0 2,232 105 0 407 2,341 0 0 647 8 0 3 0 5,751 6.01 
1965 24,326 0 25 0 9,853 484 0 471 32,951 0 0 1,239 2 0 1 0 45,026 1.85 
1966 3,775 4 11 6 497 11 0 1,086 4,262 0 0 385 0 1 0 0 6,263 1.66 
1967 3,216 0 0 5 349 2 0 272 812 0 0 86 0 0 0 0 1,526 0.47 
1968 2,557 0 0 0 293 0 0 34 77 0 5 132 0 0 2 0 543 0.21 
1969 8,394 0 0 1 129 7 0 321 4,221 0 0 595 19 0 11 0 5,304 0.63 
1970 13,935 0 1 0 43 40 0 13 14,463 6 0 848 412 0 7 0 15,833 1.14 
1971 2,387 0 0 0 244 18 0 93 2,169 0 0 303 2 0 0 0 2,829 1.19 
1972 1,010 0 0 0 255 1 0 159 1,206 0 22 297 0 0 0 0 1,940 1.92 
1973 227 0 0 2 576 2 2 1,028 274 0 3 543 28 0 0 0 2,458 10.83 
1974 4,434 0 9 1 6,328 309 0 2,009 16,725 0 8 763 23 0 5 0 26,180 5.90 
1975 13,140 0 5 0 5,683 302 0 1,232 30,263 0 0 599 2 0 0 0 38,086 2.90 
1976 1,965 0 5 11 5,298 43 0 826 4,115 0 4 273 0 0 0 0 10,575 5.38 
1977 1,341 11 43 6 1,934 2 0 935 208 0 0 99 0 0 0 0 3,238 2.41 
1978 4,149 0 0 0 1,835 16 0 1,157 1,318 0 0 817 11 0 6 0 5,160 1.24 
1979 11,218 1 57 3 18,331 73 0 2,234 17,931 0 0 3,512 0 0 0 0 42,142 3.76 
1980 22,505 0 2 5 2,889 20 0 1,641 8,076 0 2 413 0 0 0 0 13,048 0.58 
1981 1,754 0 0 12 789 0 0 231 931 0 0 167 0 0 0 0 2,130 1.21 
1982 1,135 25 0 2 445 1 0 544 524 0 6 139 0 0 0 0 1,686 1.49 
1983 3,570 0 1 5 8,596 3 0 3,010 1,195 0 5 573 0 2 1 0 13,391 3.75 
1984 10,491 0 0 4 2,532 44 1 1 , 9 2 4  16,952 0 0 2,483 8 0 2 0 23,950 2.28 
1985 7,211 4 7 30 1,024 29 0 1,282 13,465 0 2 1,560 1 15 2 0 17,421 2.42 
1986 1,179 10 0 27 688 0 1 1,079 1,390 0 25 1,332 2 0 4 0 4,558 3.87 
1987 6,066 29 4 69 4,179 31 4 2,519 4,499 0 5 700 4 0 2 0 12,045 1.99 
1988 4,065 11 5 19 2,503 19 1 2,470 4,385 0 5 557 11 0 6 0 9,992 2.46 
1989 8,318 29 2 54 2,147 117 2 1,678 18,826 0 2 3,316 13 1 0 0 26,187 3.15 
1990 6,970 6 8 11 1,541 83 0 1,192 21,105 0 0 1,162 0 0 0 0 25,108 3.60 
1991 4,223 0 1 4 2,688 2 0 1,232 699 0 6 170 0 0 0 0 4,802 1.14 
1992 4,726 2 0 13 429 2 0 226 567 0 0 175 0 0 6 0 1,420 0.30 
1993 4,025 0 1 1 852 1 4 890 624 0 7 556 0 0 0 0' 2,936. 0.73 
1994 8,338 0 3 0 1,811 29 0 1,173 3,700 0 1 244 1 0' 0' 0' 6,962' 0.83 
1995 10,039 0 17 0 7593 0 0 1864 514 0 0 26zb 0' 0' 0' O a  10,250' 1.02 
1996 1,451 3 0 0 363 0 O a  O a  0' 0' 0' 0' 0' 0' 0' 0' 366a 
1997 1,504 
1998 2,296 
1999 6,197 
2000 1.027 

56-95 Avg 5,910 3,030 1,089 7,382 862 12,448 2.38 
56-72 Avg 5,607 2,382 658 7,471 828 11,424 1.89 
73-95 Avg 6,134 3,508 1,408 7,317 888 13,205 2.75 
peak 10,349 22,316 2.5 
off 2,95 1 5,870 2.3 

a Incomplete returns fiom brood year escapement 
b~stimated 1998 return of age-2.3 so the 1995 brood year could be used. 



Appendix B.2. Naknek River sockeye salmon escapement and return by brood year, in thousands, 1956-1995. 

Return by Age Class 

Brood Retud 
Year Escapement 0.2 1.1 0.3 1.2 2.1 0.4 1.3 2.2 3.1 1.4 2.3 3.2 2.4 3.3 3.4 Total Spawner 

56-95 Avg 1,242 53 3 1,360 720 836 3,491 3.07 
56-72 Avg 951 346 576 642 629 2,212 2.72 
73-95 Avg 1,457 671 1,939 779 990 4,437 3.32 

a Incomplete returns from brood year escapement 
b~stimated 1998 return of age-2.3 so the 1995 brood year could be used. 



Appendix B.3. Egegk fiver sockeye salmon escapement and return by brood year, in thousands, 1956-1995 

Return by Age Class 

Brood Return/ 
Year Escapement 0.2 1.1 0.3 1.22.10.4 1.3 2.23.1 1.4 2.3 3.22.4 3.33.4 Totalspawner 

56-95 Avg 1,088 537 1,024 2,904 1,864 6,444 5.83 
56-75 Avg 865 193 313 1,260 759 2,604 3.20 
76-95 Avg 1,311 882 1,735 4,547 2,970 10,284 8.47 

a Incompiete returns from brood year escapement 
Estimated 2001 return of age-2.3 sothe 1995 brood year could be used. 



Appenlx B.4. Ugasluk River sockeye salmon escapement and return by brood year, in thousands, 1956-1995. 

Return by Age Class 

Brood 
Return / 

Year Escapement 0.2 1 . 1 0 . 3  1 . 2 2 . 1 0 . 4  1.3 2.2 3.1 1.4 2.3 3.2 2.4 3.3 3.4 Total Spawner 

56-95 Avg 844 654 70 1 893 
56-73 A v ~  470 302 218 258 447 2,725 4.46 
74-95 Avg 1,150 943 1,097 1,412 83 867 2.10 

a Incomplete returns *om brood year escapement. 
Estimated 2001 return of age-2.3 so the 1995 brood year could be used. 



Appendix B.5. Togiak Rwer sockeye salmon escapement and return by brood year including estimated interception 
catch includes aerial surveys of Togiak River below tower (in thousands), 1956-2000. 

- --- 

Return by Age Class 

Brood 
Retud  

Year Escapement 0.2 1.1 0.3 1.2 2.1 0.4 1.3 2.2 3.1 1.4 2.3 3.2 2.4 3.3 3.4 Total Spawner 

1956 225 0 0 4 114 0 0 306 22 0 1 13 0 0 0 0 460 2.04 
1957 25 2 0 5 48 0 0 7 0 2 0  0 0 3 6  1 0  0 0 182 7.28 
1958 72 0 1 2 68 0 0 115 59 0 0 25 0 0 0 0 270 3.75 
1959 210 0 0 0 141 0 0 92 56 0 0 7 0 0 0 0 296 1.41 
1960 163 0 0 2 191 0 0 274 22 0 0 52 0 0 0 0 541 3.32 
1961 122 I 0 3 85 0 0 216 15 0 1 19 0 0 0 0 340 2.79 
1962 62 0 0 7 48 0 0 102 4 0 0 8 0 0 0 0 169 2.73 
1963 116 0 0 2 43 0 0 65 18 0 0 24 0 0 0 0 152 1.31 
1964 105 0 0 1 4 3  0 0 84 41 0 0 6 . 0  0 0 0 175 1.67 
1965 96 0 0 2 154 0 0 181 31 0 0 37 0 0 0 0 405 4.22 
1966 104 1 0 6 200 0 0 419 4 0 1 9 0 0 0 0 640 6.15 
1967 81 1 0  6 1 8  0 0 9 9 1 6 0  1 4 0  0 0 0 0 181 2.23 
1968 50 0 0 1 4 9  0 0 1 9 0  6 0 3 13 0 0 0 0 262 5.24 
1969 117 0 0 5 28 0 0 142 25 0 3 13 0 0 0 0 216 1.85 
1970 203 0 0 1 54 0 0 226 55 0 1 70 0 0 0 0 407 2.00 
1971 200 0 0 4 106 0 0 317 62 0 1 68 0 0 0 0 558 2.79 
1972 79 0 0 2 93 0 0 150 21 0 2 34 0 0 0 0 302 3.82 
1973 107 1 0 10 151 0 0 442 18 0 1 31 0 0 0 0 654 6.11 
1974 104 0 0 2 271 0 0 307 73 0 3 45 0 1 0 0 702 6.75 
1975 181 1 0 7 195 0 0 848 87 0 2 59 0 0 0 0 1,199 6.62 
1976 189 0 0 1 189 0 0 558 142 0 4 175 0 0 0 0 1,069 5.66 
1977 163 0 0 5 232 0 0 617 14 0 4 14 0 0 0 0 886 5.44 
1978 306 0 0 12 149 0 0 430 65 0 1 25 0 0 0 0 682 2.23 
1979 198 1 0 1 270 0 0 293 12 0 2 5 0 0 0 0 584 2.95 
1980 527 0 0 5 45 0 1 224 10 0 0 19 0 0 0 0 304 0.58 
i98i 307 2 0 il 53 0 0 245 15 0 1 16 0 0 0 0 343 1.12 
1982 289 0 0 16 109 0 0 255 14 0 5 26 0 0 0 0 425 1.47 
1983 213 1 0 3 285 0 2 924 9 0 2 21 0 0 0 0 1,247 5.85 
1984 151 0 0 14 21 0 0 109 4 0 1 17 0 0 0 0 166 1.10 
1985 153 0 0 7 35 0 0 194 35 0 1 77 0 1 0 0 350 2.29 
1986 203 0 0 18 77 0 1 445 83 0 14 121 0 0 0 0 759 3.74 
1987 278 0 0 7 1 9 0  0 1 5 7 5  31 0 7 81 0 0 0 0 892 3.21 
1988 309 1 0 9 111 0 3 403 34 0 3 53 0 0 0 0 617 2.00 
1989 104 0 0 36 132 0 1 328 7 0 1 41 0 0 0 0 546 5.25 
1990 166 1 0 23 101 0 1 460 75 0 5 37 0 0 0 0 703 4.23 
1991 254 1 3 3 189 0 1 429 28 0 8 29 0 0 0 0 691 2.72 
1992 210 1 0 35 50 0 1 124 33 0 1 30 0 0 0 0 275 1.31 
1993 189 0 0 4 64 0 0 229 6 0 4 15 0 0 0 0 ' 3 2 2 '  1.70 

56-95 Avg 180 119 309 32 3 5 505 3.30 
56-79 Avg 137 123 273 37 35 472 3.77 
80-95 Avg 229 114 360 25 36 551 2.78 

a Incomplete returns fiom brood year escapement. 
Estimated 2001 return of age-2.3 so the 1995 brood year could be used. 



Appendix B.6. Wood River sockeye salmon escapement and return by brood year, in thousands, 1956-1995. 

Return by Age Class 

Brood Return/ 
Year Escapement 0.2 1.1 0.3 1.2 2.1 0.4 1.3 2.2 3.1 1.4 2.3 3.2 2.4 3.3 3.4 Total Spawner 

56-95 AVG 1,087 1,276 1,172 153 86 2,707 
56-72 AVG 852 775 637 119 57 1,606 
73-95 AVG 1,261 1,645 1,568 177 106 3,521 

a Incomplete returns ftom brood year escapement. 
b~stimated I998 return of age-2.3 so the I995 brood year could be used. 



Appendix B.7. Igusluk River sockeye salmon escapement and return by brood year, in thousands, 1956-1995. 

Return by Age Class 

Brood Return/ 
Year Escapement 0.2 1.1 0.3 1.2 2.1 0.4 1.3 2.2 3.1 1.4 2.3 3.2 2.4 3.3 3.4 Total Spawner 

56-95AVG 353 194 651 62 52 964 4.64 
56-72 AVG 254 89 242 60 35 429 3.34 
73-95 AVG 425 27 1 954 63 65 1,360 5.60 

a Incomplete returns from brood year escapement 
b~stimated 1998 return of age-2.3 so the 1995 brood year could be used. 



Appendix B.8. Nushagak River sockeye salmon escapement and return by brood year, in thousands, 1956-1995. 

Return by Age Class 

-- 

Brood Returd 

Year Escapement 0.2 1.1 0.3 1.2 2.1 0.4 1.3 2.2 3.1 1.4 2.3 3.2 2.4 3.3 3.4 Total Spawner 

78-95 AVE 741 47 415 136 61 764 52 28 1,520 2.71 

'Incomplete returns f7om brood year escapement. 
'~stimated 1998 return of age-2.3 so the 1995 brood year could be used. 



Appendix B. 9. Nushagak chinook salmon escapement and return by brood year, 1966-1 995. 

Return by Age Class 
Return 

Total Per 
Brood Year Spawners 0.2 1.1 0.3 1.2 2.1 0.4 1.3 2.2 0.5 1.4 2.3 0.6 1.5 2.4 1.6 2.5 Return Spawner 

Mean (all) 80,19 1 805 27,712 57,559 72,686 1,433 6,547 1,030 168,039 2.66 



Appendx C. 1. Kvichak h v e r  numbers of sockeye salmon smolt and adult returns by brood year, 1969-95. 

Smelt' Marine 
Brood Year Spawners Total Smolt Adult Return Spawner Survival 



Appendn (2.2. Egegik River numbers of sockeye salmon smolt and adult returns by brood year, 1980-95. 

Smoltl Marine 
Brood Year Spawners Total Smolt Adult Return Spawner Survival 

1980 1,060,920 66,179,555 8,576,000 62.38 0.13 
1981 694,680 34,530,912 6,3 17,000 49.71 0.18 
1982 1,034,628 28,669,681 6,340,000 27.71 0.22 
1983 792,282 84,655,055 10,646,000 106.85 0.13 
1984 1,165,320 59,483,908 13,527,000 51.05 0.23 
1985 1,095,204 17,236,372 7,672,000 15.74 0.45 
1986 1,151,320 63,469,761 14,33 1,000 55.13 0.23 
1987 1,272,978 125,153,934 25,952,000 98.32 0.21 
1988 1,599,096 93,3 18,905 18,885,000 58.36 0.20 
1989 1,610,916 21,895,567 11,261,000 13.59 0.51 
1990 2,191,362 43,787,169 15,740,000 19.98 0.36 
1991 2,786,880 59,373,530 11,163,000 21.30 0.19 
1992 1,945,332 105,939,012 9,698,000 54.46 0.09 
1993 1,516,980 15,704,159 3,OO 1,000 10.35 0.00 
1994 1,897,932 37,863,769 8,783,000 19.95 0.23 
1995 1,265,862 39,894,363 9,033,000 31.52 0.23 
1996 1,076,460 57,897,336 
1997 1,104,004 32,000,983 
1998 1,110,882 
1999 1,727,772 
2000 1,032,138 



Appendix C.3. Ugasluk River numbers of sockeye salmon mol t  and adult returns by brood year, 1981-95. 

Smoltl Marine 
Brood Year Spawners Total Smolt Adult Return Spawner Survival 



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
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